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We will have cannons to the left of us, and
cannons to the right of us like the brave

6OO in the valley of Death. We should

”’When can their glory fade?

O the wild charge they made!,)

remember that Tennyson said of them)•@•@•@•@Let it be said of us. Our cause is as great.

CHROMOSOME TRANSFER IN CONJUGATION OF ESCHERICHIA COLI
K•E12*

RICHARD J. SAMAHA•õ

NATURE OF CoNJUGATION IN EscHERICHIA

I•“—ì•“ˆ«•‘h•ö—ì—ì‹Æ
rial could be transferred from one bacterial

Cell to another giving rise to zygotes or re-

combinant cells. DavisŒ¾n 1950, PrOVided

conclusive evidence that direct ce11 to cell

COntaCt WaS neCeSSary for this transfer pro-

CeSS tO take place. The‹urst indication of a

sexual d”ìerentiation between cells partici-

Pating in this mating process was made by
HayesI when he observed that one cell was

acting as a donor and the other as a re-

CePtOr Of the genetic information•E Subse-

quentlyŒ¾t was discovered that an infective

factor, Called F (fertility) , WaS reSPOnSible

for a bacteriun acting as a donor, F+.2 The

acceptor strains•fF-, Were lacking the F fac-

tor. The sex factor could be transferred

With high e‰°ciency from donor to acceptor

cells.3,4•@Crosses between F•P•@cells were

sterile. Another type of donor called Hfr

(high frequency of recombination) was dis-
covered anong stocks of F+ cells. The•˜e

Hfr donors gave a genetic recombination
rate lOOO times greater than that of an

equivalent F•õ strain when crossed with F-

cells. The, reCOmbinant cells from Hfr and
F- crosses were always F- not having re-

ceived the sex factor. The Hfr donors
did not convert F•P•@cells to either F+•@or

Hfr. Later, Hayes5•@showed that the Hfr

cells donate at high frequency only a re-

stricted segment of the chromosome and

that the recipients are always F•P•E

The exact nature of gene transfer by

Hfr strains during conjugation with F•P

˜^Work supported by an M.D.-Ph.D. Scholarship

Grant (PRE-7) to the author from the American
Cancer Society.

•õDepartment of Biochemistry, Boston University
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Strains was elucidated in a series of experi-

ments by Wollman and Jacob.6•E7 Hfr chro-

mosomal transfer was found to proceed in

an oriented fashion such that one particular

extremity, O (origin), is always the first to

PenetrateŒŒe receptor cell. The gene loci

enter the acceptor cell in a linear ordered

•˜equenCe) depending uponŒŒeir fixed loca-

tion on the bacterial chromosome. During
Chromosomal transfer) SPOntaneOuS ruP-

tures occur limiting the segment of chromo-

SOme reCeived by the F- cell. Thus a ge-
netic character located toward the distal end

Of the chromosome has a smaller probabil-

ity of being transferred•E

At this same time, anOther critical dis-

COVery WaS made by Jacob and Wollman8
WhenŒŒey found that recombinants appear-

ing in F+ x F•P crosses were the result of

SPOntaneOuS Hfr mutants present in the F+

POPulation. These Hfr mutants were iso-
1ated and crossed with various F-•@strains

to determine the order in which they trans-

ferred their genetic markers. Each Hfr mu-
tant was found to di–•er in that segment of

Chromosome donated at high frequency

and in the order in which the genetic mark-

ers were transferred.O However, it was found
that althoughŒŒe Hfr strains differed in

the order of transfer of genes to receptors,

the linkage relationship of the various mark-

ers remained the same. From these latter

results, Jacob and Wollman concluded that
the genetic linkage map of the Hfr chromo•E

some has the form of a closed circle. The

F+ chromosome was assumed also to be a

COntinuous linkage group. Hfr mutations

PreSumably arose from the reversible inser-
tion of the sex factor into the circular F+

chromosome. Mutations from the F+ to the
Hfr state, therefore, reSulted in the con-

version of the cIosed F+•@chromosome into

a linear structure having an origin, O, and
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the attached sex factor at the distal ex-

tremi ty.

The transfer of the chromosome from the

Hfr to the F- cell can be divided up into
•˜eVeral stages.1O l. Collision: Collision be-

tween the donor and receptor bacteria is

the first step in conjugation. This interac-

tion between the two parental organisms ap-

PearS tO be random with no speci‹uc factors

invoIved. The rate of collision ha•˜ been de_

termined to be proportional to the concen-

tration of the parent strains.11•f12•@2. E•Âec-

tive Contact Formation: An effective mat_

mg Pair has been de‹uned asŽ¿a speci‹uc

Pair in which all the conditions necessary
for genetic transfer has been achieved•E,•l13

The specificity of contact probably depends

upon the structural and surface proper-

ties of the donor bacterium.14,15•@The for-

mation of an effective union requires the

Synthesis of a conjugation tube (bridges of

Cellular material) that unites mating pairs.16

The chromosome of the Hfr is presumal)ly
injected through the conjugation tube into

the receptor cell•E 3•E Chromosome Tran•˜fer•d

Once effective contact between mating pairs

is made, the Hfr begins to •gmobilize•f•fits

Chromosome in preparation for transfer17

and generate energy needed for the trans-

fer process itself•E18•@Transfer of the chro-

mosome proceeds at a constant rate until in-

terrupted by environmental changes) SuCh

as Iowering the temperature or drugs which

inhibit energy production. By treating the

mating pairs in a blender to mechanically

SeParate them6•@0r destroying the male

with an excess of virulent bacterial virus,11

it has been demonstrated that genetic

markers appear in recombinant cells at spe-

cific times and in a sequence that corre-

SPOnds to their linear genetic arrangement

On the chromosome. Recent experiments

have shoWn that only DNA with little or
no RNA or protein is transferred from do-

nor to receptor cell.19

STRUCTURE AND FuNCT•dON OF F

The sex factor (F) is a DNA contain-

ing structure approximately 2 per cent of the

size of the bacterial chromosome.20•@Once

inside the cell, the sex particle is able to

multiply independently of the chromosome.21

However, reCent eVidence suggests that sex

factor replication becomes equilibrated with

that of the host chromosome and that there

ekists nomally only one sex factor per

chromosome.20•E22•@E•çCheƒÁichia co15 is a hap-

1oid organism containing several genetica11y

identical chromosomes.23,24•@Hirota25,26•@has

demonstrated that acridine dyes can pre-

Vent the multiplication of the autonomous

SeX factor in the F+ cell while replication

of the host chromosome is unaffected. This
experiment suggested that the two genetic

units, Chromosome and sex factor, have in-

dependent controlling systems of duplica-

tion.

Contact between donor and receptor cells

is dependent upon the surface properties of

the male strain•E Cells possessing the sex

factor have been shown to develop a spe-

cific surface antigen.15•@Following contact,

the union between parent strains invoIves

the formation of a cytoplasmic bridge) Which

is observable by electron microscopy.16 This

PrOCeSS Of union between cell•˜ and subse-

quent mobilization with transfer of the do-
nor chromo•˜Ome is dependent upon the ex-

Penditure of energy via the tricarboxylic acid
CyCle by the donor bacterium.27,28•@Presum-

ably, the sex factor determines not only

SOme Of the biochemical properties of the

Cell surface but also is the controlling ele-

ment regulating the synthetic activities of

the donor cell related to sexual conjugation.29

STRUCTURE AND REPLICATION OF

THE BACTERIAL CHROMOSOME

Re‹uned genetic analy•˜eS have demon-

Strated that in E. col•Ý•@strain K-12, the

chromosome of the F+•@and F•P1O and the

Hfr30 is in a cIosed circular linkage group.
Caims31 has gently extracted tritiated thy-

midine labeled DNA and prepared autora-
diographs of the isolated genetic material•E

The resultant photographs provided good

evidence that the chromosome of ZJ. coli

COnSists of a single piece of double stranded

DNA in the form of a closed circle of about

lOOO /•« in lengŒŒ. This picture of the bac-

terial chromosome is in accord with accu_

mulated genetic information on the structure

of the bacterial chromosome.32

Yoshikawa and Suecka33-35•@have pre-

Sented a series of ingenious experiments

deaHng with a strain of Bacillu•ç•›b–K‹mthat
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WOuld suggestŒŒat chromosomal replication

begins at a fixed starting point and pro-

Ceeds down the length of chromosome until

the genetic material is duplicated•E In other

WOrds) eaCh cycle of replication begins and

ends at the same gene locus. In a study of

Chromosomal replication of two Hfr strains

Of E. c•Bli K-12, Nagata36•f37 0btained evi-

dence that in the nonconjugating Hfr, rePli-

Caticn of the chromosome is sequential start-

ing from the integrated sex factor region

and proceeding to the origin (designated as

leading end in transfer). Further support

for a poIarized mode of chromosomal repli-

Cation came from Caims, work on the auto_

radiography of replicating DNA from an

Hfr and F•P•@strain of E. co15•@K_12.29•E38

Autoradiographic pictures revealed that rep-

1ication proceed•˜ fron a singIe point and in

One direction until the chromosome is du’u

Plicated•E Interestingly•fthe chromo•˜Ome re-

mained in the form of a closed circle while

replicating itself.

Jacob and Brenner39 have proposed the
following model for the molecuIar controI

Of DNA replication in bacteria•E A genetic

element capable of independent duplication

such as a sex factor or chromosome is re_

garded as a unit of replication or ``replicon."

Each replicon contains two genetic Ioci

necessary for its replication. One locus (a

StruCtural gene) controIs the synthesis of a

SPeCific cytoplasmic element, Called an ini-

tiator) Which acts in a positive mamer on

a second locus) designated as the replicator•f

to allowŒŒe duplication of the DNA starting

at the replicator segment.

The Hfr chromosome with its integrated
SeX factor provides an opportunity to study

direct interaction between the two replicons.

As mentioned previously, Hirota25 has shovm
that acridine orange inhibits replication of

the autonomous sex factor but not the F+

Chromosome•E Interestingly, under similar

COnditions of dye treatment, rePlication of

the Hfr chromosome is also resistant to acri_

dine orange. In addition, Cuzin and Ja-

cob4O have described bacteria that contain

mutant sex factors which are unable to mul_

tiply at elevated temperatures that do not

affect chromosomal duplication. When in-
tegrated into the host chromosome forming

an Hfr) the sex factor segment is able to

replicate regardless of the temperature.

These results have suggestedŒŒat in the

Hfr stateJ the genetic elements of the bac-
teria are replicated under the controI of the

Chromosomal replicon. However•fNagata•fs34

Study of chromo•˜Omal dupIication in his

Strains of Hfr suggested that the integrated

•˜eX factor replicon controlled replication. I

•˜ha11 retum to this interesting point when I

discuss some of my experimental results

Of chromosome transfer using Nagata•fs Hfr

strain.

CHROMOSOME TRANSFER DURING
CoN J UGAT•dON

Studies have shown that the chromo_

SOme Of the nonconjugating Hfr is inŒŒe

form of a cIo•˜ed circle. In order for trans_

fer during conjugation to take place, the

chromosome of the Hfr must break at the
site of the sex factor into a linear structure.

The transfer process itself depends upon the

movement of the chromosome from the Hfr

to the F•P•@cell. The interaction between

integrated sex factor and bacterial chromo-

SOme leading to genetic transfer during con-

jugation has been the subject of much re-
cent work.

Nagata,s propo•˜al that replication of the

Hfr chromosome proceeds from the inte-

grated sex factor to the origin leads to the
COnClusion that the last part of the DNA
molecule to be duplicated isŒŒe first to be

injected during conjugation. Following this

COnClusion•f Bouck and Adelberg41 have

SuggeSted the following model of chromo-

SOme tranSfer. Each Hfr cell in a given pop-
ulation is in a different stage of the replica-

tion cycle just prior to mating. When the
Hfr conjugates with an F•P, the last part

Of the male chromosome being fomed breaks

into an open structure rather than joining

in a circle. This unattached end becomes

the origin as the DNA is transferred to the
recipient) leaving behind the chromosome

used as the tempIate for duplication•E In

this scheme•fDNA synthesis is required prior

to initiation of transfer but not for the in_

jection process itself. In support of this sug-

gestion that already duplicated chromo-
somes can be mobilized and transferred is

the‹unding by Suit et al•E42 that chromo-



140•@THE BosTON MEDICAL QuARTERLY DECEMBER, 1965

some transfer can occur without accompany-

ing DNA synthesis.
Recent work by Ryter and Jacob43 which

revealed that a part of the bacterial chromo-

some is connected to the cell membrane

has prompted Jacob et al.29 to suggest that

this attachment in the Hfr occurs at the site

of the integrated sex factor•E In their mod-

el for genetic transfer, Jacob et al. propose

that the Hfr and F•P conjugate at an area

bordering the site of•fchromosomal attach-

ment. This interaction between donor and

recipient stimulates duplication of the chro-

mosone by the sex factor replicon. One
of the DNA duplexes being fomed is then
driven into the F- cell while the other re-

mains in the Hfr. In contrast to the Bouck
and Adelberg model) the first marker to be

replicated is the first to be transferred; and

thus, the orientation of DNA replication in

the two schemes is exactly opposite. As a
key test of whether the sex factor replicon

becomes activated at conjugation, Jacob et

al.29 took advantage ofŒŒe finding by Hi-

rota that acridine orange inhibits sex factor

replication and perfomed matings in the

presence of acridine orange with their Hfr
Strain•˜. They found that gene transfer was

inhibited in the presence of the dye as

predicted from their model.
In this report, I will present some of my

experimental work done on the effect of

acridine orange on chromosome transfer in

Hfr strains. One of the Hfr•@•˜trains used

ihŒŒi•˜‚­study was the dbnor studied by Na-

gata. During the course of my work) I found
this latter donor to have unusllal chromo-

•˜one trahsfer kinetics not previously reported.

. MATER•ÜALS AND METHODS

STRAINS OF BACTERTA

The bacteria used in these experiments

ar6 all derivatives of E. co15 strain K-12. Hfr
strain HfrC was obtained from Dr. C. Fol-
some and is a derivative ofŒŒe Hayes HfrH.11

Hfr strain HfrCSlOI was obtained from T.

Nagata. F- strain A288 was obtained fron
Di. S. Luria. The donor bacteria (Hfr)
transfer their genetic markers toŒŒe recipi-

ents (F•P) in.ŒŒe following order: HfrC,

origin - Threonine+ˆêLeucine+ - Proline•\-

L‰]ctose+; HfrCSlOl, (’Ùgin - Lactose+ˆê

Proline+ - Leucine+ˆêThreonine+. F•P strain

A288 has the genetic compo•˜ition•fLactose-•f

Threonine•P, and Leucine•P. Ability to synthe-

size an amino acid or utilize a ca•Sohydrate

is indicated by a + and inal)ility to synthe-

size or utilize by a •Z•E I have described here

only the pertinent genetic markers used in

this study. For a full description of the

genetic map of E. colisee the paper by Tay-
lor and Thoman.44•@The males used in this

Study are sensitive to the bacteriophage T6

and streptomycin while the F-•@strain is

resistant to both. All the bacterial strains

were maintained on nutrient agar slants and

their genetic composition checked at regular

intervals by the technique of replica stamp-

ing•E45

MEDIA

Minimal media used throughout these ex-

periments had the fo1lowing composition per
liter of distilled water; K2HPO4. H2O -
8.7 gm., KH2PO4. H2O - 6•E8 gm.? CaCl2

- 0.005•en., FeSO4 •E 7H20 - 0•E00025

gm., MgSO4. 7H2O - 0.1 gm., NH4Cl -
1 gm., the pH was adjusted wiŒŒNaOH

or HCl.
The compo•˜ition of the broth media

used in the mating experiments contained

Per liter minimal media; tryPtOne lO gm.,
NaC1 10 gm.•fyeaSt eXtraCt 5 grn.•fand glyc-

—û01 0•E‚¤gm•E

Solid media used in the selection of re-

combinants and scoring of genetic mark-

ers contained per liter of minimal media at

PH•@7.2; Carbon source•f (glucose) or fer-

mentation marker (1actose) 0.5 gm.;ŒŒia-

mine l mg.; the amino acids were added as

needed byŒŒe F•P or left out if to be se-

1ected for in the recombinant as follows,

leucine 40 mg.; threonine 80 mg.; methio-

nine, arginine, histidine and proline 80 mg•E

Streptomycin was added at a concentration

Of 200 mg. per liter. For solid media 20 gm.

Per liter Difco agar was added and for soft
agar, 6.O gm. per liter.

Sugars were sterilized separately and then

added to autoclaved media. Lactose and

thiamine were sterilized by passage of stock

SOlutions through O.45 pr millipore‰aers.

PREPARATION OF BACTERIOPHAGE T6

Bactedophage T6 (obtained from Dr. C.
Folsome) was added at a multiplicity of l
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Phage per lO bacteria to E. col•Ý B grow-

1ng eXPOnentially in one liter of media con-

taining glycerol•fCaSamino acids•fand salts

PrePared after Fraser and Jerrel.4c The

growth of the phage-bacteria mixture was
followed in a Klett spectrophotometer until

a sudden drop inŒŒe O. D. of the media

indicated lysis of the bacteria. At this

POint, ChIoroform was added to the media
to Iy•˜e any remaihing bacteria; and the

Phage were isolated by centrifuging the
broŒŒat 5,OOO rpm for 15 minutes to sedi-

mentŒŒe cellular debris. The yield of phage

in the supematant was usually about 2-3 ‡]

1Oll per ml. The supematant was then spun

at 20,000 g. for 60 minutes in a table Lourdes

Cent‹buge. The peIlet containing the phage

WaS taken up in tryptone broth (10 g tr‰Ÿ-

tone, 5 g NaCl–âoIo•¦ca’p100 mI. disti11ed

H2O) and stored in stock solution of 2 x lOll

T6 Per ml. over chlorofom at 4OC•E A single

PreParation of phage was used in all these
experiments and was as•˜ayed at frequent in-

tervals by the method of Adams47 showing

no Io•˜S in titre.

MATING CoNDITIONS

Three ml. of broth media at pH 7.2 were
innoculated from agar slants and grown

OVemight at 37OC. 0•E2 ml. of the over-

night culture were inoculated into 20 ml. of

fresh broth at pH 6.3 in an Erlenmeyer flask
fitted with a Klett tube side arm so that

growth could be followed directly in a Klett
SPeCtroPhotometer.48 Cells were grov\m tO a

COnCentration of about l-2 x lO8 cells per

ml. in the exponential phase of growth. To
startŒŒe mating experiment, 1 ml. of Hfr

cells were mixed in 9 ml. of F- cens in a

PreWamed 500 ml. Erlehmeyer flask and
mating mixture incubated without shaking

at 37O. The mating was interrupted at in-

tervals by adding one ml•E Of phage (titre

about 2 x lOIO T6/ml.) to l ml. samples

giving a multiplicity of about lOOO phage

Per l Hfr.11 The phage-bacteria samples
were incubated for 15•@minutes at•@37OC.

With shaking and then diluted in Difco
broth. The diluted samples were mixed in

duplicate in wamed soft agar and poured

OntO SOlid agar plates. As a control, F•P

Cells were treated with phage in the same

manner, diluted and plated•E At the high

multiplicity of phage infection,ŒŒe sen•˜itive

Hfr cells are di•˜ruPted almost immediately

by lysis from without.49•@The poured plates

were incubated from•@24•@to•@48•@hours and

the recombinants counted at that time.

AcR•HDINE ORANGE MATING

Cells were grown ovemight as usual and

O.2•@mI. were inoculated into•@20•@ml. of

broŒŒmedia at pH 6.3. When the bacteria

(F•P and Hfr) reached a concentration of

about 2 x lO8 celIs per ml., the cuŒŒres were

transferred to sterile) CaPPed polyethylene

Lourdes centrifuge tubes and spun at 5,000

rpm for 5 minutes. The bacterial pellets

Were taken up and dispersed in fresh pH 8.O

broth wamed to 37OC. Then, 5 ml. ali-

quots of the Hfr and F•P broth solutions

Were added to prewamed 125 ml. and 250
ml. flasks respectively and incubated for 15

minutes at 37OC" Similarly, 4•E75 ml. of the

Hfr and F•P solutions to which were added

O.25 ml. of an acridine orange (AO) solu-

tion giving a final concentration of 30Ž°

AO/ml. were incubated in prewamed 125
ml. and•@250 ml. flasks. The AO solution

WaS PrePared according to the method of

Hirota.25•@After 15•@minutes preincubation

at 37OC., 0.5 ml. ofŒŒe Hfr •˜01ution was

added to•@5•@ml. of the F-•@culture in the

250 ml. fla•˜k to start the mating•E One mat-

ing mixture contained O—ªAO/ml. and act-

ed as the control for the mating mixture

COntaining 30ŠmAO/ml. Samples of the

mating mixtures were taken at 45 minutes

and treated as described in the section

On Mating Conditions. Acridine orange
does not interfere with immediate lysis of

the male by the bacteriophage.5O

RESmS

KINETIcS OF GENE TRANSFER
IN THE HFR STRAINS

Strain HfrC used in these experiments has
been studied extensively in the pioneer work

Of Jacob and WollmanlO and Hayes.11
HfrC was mated with the F-•@strain A288

and selection for the markers Thr+_Leu+

WaS Ca’²ied out by the usual interrupted

mating technic•E Samples ofŒŒe mating mix-

ture were taken at two-minute intervals

and treated with a thousandfold excess
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Of bacteriophage T6•@tO immediately lyse

ŒŒe male thus haltingŒŒe transfer of the

Chromosome. Following lysis of the males,

the samples were then diluted lO3 fold in

broth before plating onto selective media.

Thr+-Leu+ are measured together since they

are extremely cIose on the genetic map.

A pIot of the number of recombinants re-

COVered versus time reveals a linear rise in

time for Thr+ˆêLeu+ starting at about nine

minutes (Fig, 1, OPen Circles). I have fol-

lowed the transfer of several other genetic

markers of HfrC and have always obtained
linear curves in ngreement wŽMthe results

Of WoIIman, Jacob, and Hayes.51 Genetic
mapping is based upon the extrapolation of

Similar straight Iine pIots to the time axis

to give the order and time of penetration

Of genetic character•˜.

1•uiG I H•ã•@•~ i

0•@•@•@•@•@‚¤•@•@•@•@IO l‚¤•ˆ•ˆ•ˆ•ˆ 20•@•@•@•@•@2‚¤•@•@•@•@•@‚¤O•@•@•@•@•@‚¤•R

However) ln COntraSt to the prior results
With HfrC, When the donor HfrCSlOl is
CroSSed to the receptor A288 and treated

as previously described) the fo1lowing results

are d•ltained (Fig. 1, CIosed circles). Again

Selection was made for the genes ThrL

Le•Ø. Instead of rising linearly from about

lO minutes on the time axis as predicted

from its order of transfer of markers, the

Curve for ThrLLeu+ selection displays two

SIopes. A shallow initial sIope starts at about

lO minutes and then breaks sharply at about

23•@minutes into a second steeper sIope•E

Transfer experiments using other genetic

markers of HfIaSlOl have consistently
Shown these biphasic kinetic curves. It

•˜hould be noticed that the yield of recom-

binants with the donor HfrC is about lO
foId greater than the yield obtained with

HfrCSlOl. I have perfomed matings with
the two donors until a plateau of recom-

binant yield is reached and have found

that HfrC gives about ten times the num-
ber of recombinants as HfrCSlOl. There_
fore•falthough the scales of recombinant yield

for the two donors differ) a COmParison of

transfer kinetics can still be made.

I shall now discuss briefly some of my

results which will not be presented here

Since a detailed report is being published

elsewhere.52 In other tran•˜fer experiments•f

I have established several important fea-

tures conceming this unusual chromosome

transfer by HfrCSlOl. These biphasic
transfer curves have been obtained not only

With oŒŒer genetic markers but also with

Other receptor strains indicating that the

male is responsible for the peculiar gene en-

try kinetics. The•˜e unuSual curves were

PreSent in matings perfomed under a va-
riety of environmental conditions including

SeParating the mating pairs mechanically

in a blendor. AIso, eXPeriments indicate

thatŒŒese unusual transfer curves are not

dependent upon the fomation of effec-
tive pairs as defined by Clark and Adel-

berg13 but rather reflectŒŒe praperties of

Chromo•˜Ome mObilization and transfer in_

herent in the Hfr. Lastly•fI have shown that

the initial slopes inŒŒe chromo•˜Ome tranS-

fer curves of HfrCSlOl repre•˜entS the true

time of entry of the genetic mackers. Short-

1y after I had characterized the transfer

ProPerties of HfrCSlOl, Taylor and Thom-
an44 published experimental work dealing

With two donors that were identical in di_

rection of transfer and in point-Of-Origin

but that one of them displayed a transfer

CurVe having two sIope•˜•E It was concluded

On the basis of reproducibility of time of

entry that the initial sIope was the true in-

0 0
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dicator of gene transfer. Taylor (personal

COmmunication) has found these upward-

breaking curves in several other donors and

has suggested to me that this transfer phe-

nomena. may be a more general property of

Hfrs rather than restricted to a few males.

EFFECT OF AcRIDINE ORANGE ON

CHFOMOSOME TRANSFER

Hirota26•@pre•˜ented evidence which sug-

gested thatŒŒe replication of the autono-

mous•ˆSeX factor (F) but not the F+ or

Hfr chromosome is inhibited by acridine or-
ange. Fo11owing Hirota•fs observations, Ja-

COb et al.29•@obtained results which showed

that acridine orange at a concentration of

25 4Lg/ml. in the mating mixture does not

PreVent Hfr and F-•@pair fomation and

COnjugation but d•‡S inhibit subsequent ge-

netic transfer. These results are in accord

With their proposed model in which chromo-

SOme tranSfer is initiated by replication at

the integrated •˜eX factor.

In the following experiment, the Hfr

strains were mated with the F- strain A288

and genetic transfer followed both in the

PreSenCe Of 30 /tg Of acridine orange (AO)

Per ml. and in the absence of the dye. Sam-

Ples of the mating mixtures were taken at
45•@minutes and treated with an excess of

Phage T6•@and then selection carried out

for the genes Thr+ˆêLeu+. The donor and

receptor strains were preincubated for 15

minutes with and without the dye prior to

mixing in order to eliminate the possibility

that differences in dye uptake might be a

factor in the obtained results. As is evi_

dent in Table l, at a COnCentration of 3O /‚ñg

AO/ml., HfrC gene transfer is inhibited by
about 42 per cent while transfer by Hfr-
CSlOl is unaffected. These results have

been con‹umed in similar experiments using

Other genetic markers. AIso, I have done
lSeVeral transfer kinetic experiments using

diŽIerent genetic markers in the presence

and absence of acridine orange showing

that AO does inhibit chromosome transfer

by HfrC but does not affect transfer by

HfrCSlOl. These results would suggest
that the replicon of the integrated sex fac-

tor in the male strain HfrCSlOl i•˜•@re_

Sistant to or protected from inhibition by

acridine orange at a concentration of 30 #g

AO/ml.

TABLE I. EƒÀec‚«o/ 40 oŽ™Gene TƒÁaƒ^‰ÂeƒÁ by H‰Á

DI•˜CUSSION

The curves for the kinetics of gene trans-

fer in the donor strain HfrCSlOl do not
rise HnearIy from a given point on the

time axis. Instead•f the pIot of reconbi-

nants versus time rises at a low linear rate

and then at about 13 minutes breaks sharply

into a second steep linear sIope•E The first

SIope represents the exact time of entry of

the genetic markers. This peculiar transfer

CurVe does not appear to be dependent upon

any anomaly in formation of eŽIective mat-

mg Palrs Or uPOn the receptor strain used.

Therefore, these unusual curves are a result

Of the properties of chromosome mobiliza-

tion and transfer peculiar to the male strain.

Recently, Similar biphasic transfer curves

have been reported for Hfr strains of E. coli
by TayIor and Thoman.44•@They deter-

mined that the initial sIope representedŒŒe

tme time of entry of the genetic maŒŒers.

Taylor proposed that the initial sIope rep-

resented a sma11 portion of cells that transfer

their chromosome at a more rapid rate than

the bulk of the donors of the particular

Hfr strain. This minority of rapid donors

PreSumably inject their chromosome at the
Same rate aS the cells of the Hfr exhibiting
no break in the curve of transfer kinetics.

HfrCSlOI was one of the two donors
used by Nagata34 in experiments which in-
dicated that inŒŒe Hfr strain replication of

the chromosome is sequential starting from

the integrated sex factor region and pro-

Ceeding to the leading end in transfer. How-
ever, the experiments of Hirota25 and Cuzin
and Jacob38 suggest that in the Hfr, the

Chromosome and integrated sex factor are

replicated under the control of the chromo-

SOmal replicon. Cuzin and Jacob suggest

that the sex factor replicon comes into play

Only during conjugation and transfer of the

Chromosome to the receptor cell. As a key
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test of this latter •˜uggeStion, Jacob et al29

Showed that acridine orange, a dye found to

inhibit sex factor replication by Hirota, in-
hibited chromosome transfer during conJu-

gation by their Hfr strains. However) I have
shown that while acridine orange doe•˜ in-

hibit gene transfer by strain HfrC, a donor

with classical transfer kinetics, the dye

does not inhibit chromosome transfer by

HfrCSlOl. Since the sex factor is presumed
to play the dominant role in regulating

Chromosome transfer, it is reasonable to sug-

gest that the •˜eX factor in donor HfrCSlOl

is responsible this male,s being refractory to

acridine orange during conjugation. Accept-

ing the premise that the •˜eX factor in Hfr-

CSlOl is unusual, how does one explain the

transfer behavior of HfrCSlOl and Naga-
ta,s results of chromosomal replication for

this donor?

I believe that the unusual conjugation ac-

tivity of HfrCSlOl may be the result of an

unique sex factor regulating mechanism

of chromosome mobilization and transfer.

The resultant transfer curves of this donor

Can be explained by assuming that a given

Cell, in a population of growing HfrCSlOl,

Can inject its chromosome by two altemate

mechanisms giving rise to what is in effect

two donor types wiŒŒ•@different rates of

chromosome transfer within a single Hfr

POPulation as suggested by Taylor and
Thoman. 44

I should like to propose the fo11owing al-

temative scheme for conjugation and chro-

mosome transfer in tho•˜e Hfrs displayingŒŒe

biphasic transfer kinetics curve. Just prior

to attachment between donor and receptor

Cell, the chromosone of the Hfr may either
be at rest or in the process of replication.

The chromosome of the Hfr should be in the
nonduplicating state in only a very sma11

minority of cells.53 In these males, COntaCt

between Hfr and F•P•@stimulates the sex

factor replicon to begin replication and one

OfŒŒe duplexes being fomed is driven into

the receptor ce•dl viaŒŒe model of Jacob et

al.29•@This minority of donors account for

the fa•˜t rate Of transfer and the initial linear

SIope of transfer kinetics. The majority of

growing Hfrs have already begun replica-
tion of their chromosome starting at the sex

factor replicon in the manner suggested by

Nagata. In these donors) COntaCt between

Hfr and F•P is made; but, the chromo-

SOme has to finish duplication and is then

transferred. The transfer of the completed

duplicate invoIves a less e‰­cient mechanism

for driving the DNA strand into the re-

CePtOr Cell. Therefore, this majority of

males have a sIower rate of chromosome

transfer and account for the second linear

Slope of transfer kinetics.

SuMMARY

In this report•fI have examined the con-

jugation and transfer kinetics of two Hfr
strains of E. coli K-12. One of these
Strains displays unusual transfer curves

COnSisting of two linear components. In ad-

dition, this strain is resistant to inhibition

by acridine orange during chronosome

transfer; While the other donor strain dis-

Plays classica=inear kinetics and is sensitive
to inhibition by AO. These results are dis-
CuSSed in relation to the propo•˜ed molecular

models for chromosome replication and

transfer, A new scheme of regulation of

Chromosome transfer has been put forth to

account for the anomalous transfer curves.
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CLINICOPATHOLOGIC CONFERENCE OF THE FRAMINGHAM UNTON

HOSPITAL

L—BE G. TEDESCH—Ê, M.D.“¢AND FRANCES CoMERFORD, M.D.•õ

—•‹l•öe”F‘ø•¿‘õ˜lŒ¾‘øt—ì
the•ßŒŒtime in a state of unresponsiveness

Of about one day•fs duration•E Apart from

COngenital•f bilateral ptosis•f Partially surgi-

Cally corrected at the age of 18 years•fthe

Patient had been well unti1 1945, When, at
the age of 62, he complained of frequency of

micturition. A transurethral resection of the

PrOState WaS done in another hospital; the
record i•˜ unaVailable. In 1954, at the age

Of 71 years•fhe had a febrile episode, and a

heart mumur was heard. A diagnosis of

Subacute bacterial endacarditis was made,

and a three-Week cour•˜e Of penicilIin and

StrePtOmyCin was given.

The patient was well•feXCePt for a heart

murmur, until the early months of 1961, at

ŒŒe age of 78•fWhen he started to complain

Of weakness and anorexia•fParticularly to

meat•E An upper gastrointestinal series and a

barium enema at another hospital were re-

POrted as nomal. He was placed on digitalis,
the indication for which was not clear.

Because of the persistence of weakness•fhe

was admitted for the‹urst time to the Fra_

mingham Union Hospital•fin November of

1961.

On physical examination he was described
as a well developed•fWell nourished) SPry•f

eIderly male) in no acute distress. The pa-

‘]Ass•‡iate pathoIogist, Framingham Union Hos-

Pital, Framingham, Massachusetts, and Boston
University Medical Center; aSSistant in pathoIogy,
Harvard Medical School, Boston, Massachusett•˜.

•õAs•˜istant in medicine, Bo•˜tOn University SchooI

Of Medicine, Boston, Massachusetts.

tient,s weight was 137 pounds; blood pres-

Sure 120/60; temPerature 98O; Pulse•@72.

There was a mild degree of ptosis. The

tongue was well papi11ated. The chest was

Clear. There was a Grade III mitral systolic

mumur and a Grade IV aortic systolic mur-
mur. There were two lipomata of the •˜kin,

One in the abdominaI wall and the other

around the left knee. The chest x-ray re-

Vealed cIear lung fields and cardiac enlarge-

ment with a transverse diameter of 18.5 cm. ;

that of the chest was 29.5 cm. An upper

gastrointestinal series revealed atrophic gas-
tritis. An intravenous pyelogram showed

PrOmPt functioning of both kidneys and a

POSt-VOiding time‘nm showed considerable

residue. An electrocardiogram revealed a

nomaI sinus rhythm with nonspecific ST

and T-WaVe Changes•f COnSistent with

digitalis effect and/or left ventricular hyper-

trophy. Complete hemogram was nomal.

Urine analysis was negative. Albumin was
15 mg. per lOO ml. in a random sample;

SPeCific gravity was l.029; the blood urea

nitrogen was 15 mg. per lOO ml.; fasting

blood sugar was lO3 mg. per lOO ml.; aCid

Phosphatase total was O.38•@unit and the

ProStatic fraction was O.04 unit. PBr was
5.4 mg. per 100 ml.; SerOIogy was negative.

The patient was essentia11y asymptomatic

during his five days of hospitalization, and

he was discharged to a nursing home.

He was readmitted four months later be_

CauSe Of hematuria. A kidney•fureter and

bladder test reveaIed an O.5 cm. area of calci_

fication overlying the left kidney. Clystoscopy

revealed what was described as cy•˜titis. The
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retrograde pyelography revealed a deformity

Of the left lower major calyx. The discharge

diagnosis was cystitis and prostatitis.

He continued to complain of weakness
and was re-admitted a year later, in March•f

1963. In the interim) the patient had an

episode of auricular fibrillation•ffor which he

WaS Put On digitalis. Repeat work-uP re-
Vealed no change in the physical examina-

tion•for in the laboratory‹undings) eXCePt for

a urinary protein of 500 mg. per lOO ml.

in a random sample. No re•‡rd of the 24-

hour urine voIume was made. Upon dis-

Charge•fthe patient continued to complain

of weakness.

He was admitted to the Lahey Clinic in
September of 1963. Except for a ten-POund

Weight loss•fthere was no change in the

Physical findings. The systolic mumur over
the precordium was interpreted as represent-

1ng an interventricular •˜ePtal defect. Labo-

ratory examinatioh•ˆ showed normal serum

electrolytes. The blood urea nitrogen was

23 mg. per lOO ml.; Creatinine was l.7 mg.

Per lOO ml.; Serum albumin was 2.4 gm.

Per lOO ml.; globulin 2.5 gm. per lOO ml•E,

With a urinary volume of 1670 ml.124 hours;

therefore•fthe urinary protein per 24 hours

WaS 3.758 grams. A diagno•˜is of nephro-

1ithiasi•˜ and nephrotic syndrome was made;

also, atherosclerotic heart disease with mild

COngeStive failure•E The po•˜Sibility of cancer

Of the prostate wa•˜ raised. The patient wa•˜

discharged on digitalis and Prednisone, but

he continued to compIain of weakness. Be-

Cau•˜e Of signs and symptoms of congestive

heart failure, Prednisone was discontinued

in February•f1964•fand diuretics were given.

In May of 1964 the patient was read-
mitted to the Framingham Union Hospital.
The physŽåcal‹undings were the same except

for l plus pretibial pitting edema. The se-

rum cholesterol was 360 mg•E Per lOO ml.;

blood urea nitrogen 24 mg. per lOO ml•E; a

random urine sample showed urinary pro-

tein of 150 mg. per lOO ml. Complete he-

mOgram was nomal. Total protein was

4.2 gm. per lOO ml. and •˜erum electrophoresis

revealed the following: albumin 43.7 per

Cent•faIpha1 7.3 per cent•falpha2 23.2 per

Cent, beta lO.6 per cent and gamma globulin

16.2 per cent•E The patient was discharged to

a mrsing home where he became lethargic,

refused food•faSSumed the fetal position and

became noisy) for which reason he was taken

to his home where•fat times, he had attacks

described by his daughter-nurSe aS (`seizures;,

lasting up to one minute. He also had short

episodes of unresponsiveness.

The final admission to the Framingham

Union Hospital was in October of 1964 be-

CauSe Of umesponsiveness of 24 hours, dura_

tion. On physical examination, he was

Tather well nourished•fmildly dehydrated and

unrespon•˜ive•E However•fthere were no posi-

tive neuroIogical‹undings•E The vital signs

Were nOmal; hematocrit was 30; hemoglo-

bin 9.1 gm•E Per lOO mI.; White blood count

WaS 12,200 with nomal d•cerential; urine

Showed a specific gravity of l.008; PH 6.5;
urinary protein 400 mg. per lOO ml. The
urine sediment was loaded wiŒŒred blood

CelIs, With occasional white blood cells and

l to•@2•@hyaIine casts with an occasional

granular cast/hpf•E Fasting blood sugar was

123 mg•E Per 100 ml.; globulin 2.3 gm. per

100 mI. Serum eIectrolytes were as fol-

lows: Chloride lO8•fSOdium 144•fPOtaSSium

5"1 and CO2 21 milliequiv•E Per liter. The

Serum CholesteroI was 330 mg•E Per lOO ml.

Chest x-ray reVealed minimal pulmonary

COngeStion and the previously noted cardio-

megaly. The patient was hydrated, be-

Came alert•fbut refused food. His hospital

COurSe WaS that of fluctuation between con_

•˜Ciousness and unresponsiveness, With a grad-

ual down-hilI course, but at no time were

there any positive neuroIogic findings. The

blood urea, nitrogen and creatinine re-

mained unchanged ; the carbon dioxide, how-

ever) fel1 14 milliequiv•E Per liter•fWhile re-

Peat Chlorides were 98) SOdium 133 and po-
tassium 5.O milliequiv. per liter.

The patient expired on the llth hospital

day.

DoctoƒÁ ComeƒÁfoƒÁd: The case being dis-

CuSSed today relates to an 81-year-Old man

Who expired fo11owing an i11ness of some

COnSiderable duration. As a general ap-

PrOaCh to illness in the agedŒ¾t is worth

alluding briefly to a recent study•fboth •˜ta-

tistical and clinical, Of 200 consecutive ad_

missions to a geriatric unit.1 Two maJOr

POints were made. First•fdisability in this

age group was the•ˆreSuIt of conventional
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Physical and mental illnes•˜, nOt Of •gsenility.•h

Secondly, it was stressed that in any given

individual, multiple disease processes oc-

Curred, frequently unrelated to one another.

To retum to the patient, he is de-

SCribed as having congenital ptosis, •˜urgical-

1y corrected at the age of 18 years. This
is a not uncommon condition and is of no

Significance in the present instance. The pa-

tient was in good health until the age of 62

years•fWhen he developed frequency of mic-

turition. A transurethral resection of the

PrOState WaS Performed. In the absence of
more radical therapy, We muSt PreSume that

there was no clinical or pathoIogical evi-

dence of malignancy of the prostate. This

is confirmed by the patient•fs many years of

Subsequent good health. We wi11 therefore
assume that the patient had benign prostatic

hype rtrophy.

At the age of seventy-One) in 1954•fthe pa-

tient had a febrile episode, and a heart mur-

mur was heard. Subacute bacterial endo-

Carditis was diagnosed, and therapy with

Penicillin and streptomycin was adminis-
tered for three weeks. The questions that

arise here relate to bacteriological confir-

mation of the diagnosis, and whether any

associated clihical features were present. In

view of the subsequent story, any findings

SuggeStive of focal or embolic glomerulo-

nephritis would have been of great interest•E

The prognosis of subacute bacterial endo-

Carditis in the aged is very poor. In one

series of eighty-five cases (mostly males) , nO

Patient over the age of sixty-‹uve was hing

One year after the onset of the i11ness•E2 Ex-

Planations for this included the fact that
the causative organisms in the elderly were

Often staphylococci and gram-negative bac-

teria, and the disease was commonly asso-

Ciated with genitourinary tract infection. A

second recent series con‹urmed thi•˜ Ominous

Outlook.3•@SoŒ¾f this patient did, in fact,

have subacute bacterial endocarditis, he was

fortunate in the outcome. We cannot make
any comment on his cardiac lesion. How-
ever, it would not be surprising if his febrile

episode was, at least in part, due to chronic

genitourinary tract infection.
Following this illness, he continued in

good health until early in 1961, When, at
the age of seventy-eight? he complained of

weakness and anorexia, boŒŒof which are

nonspeci‹uc, and we will assume there was

no evidence of neurological or myopathic

ProCeSSeS. X-ray Studies excluded obvious
malignancy of the gastrointestinal tract. Pos-

Sibly•fbecause these symptoms may occur in

hea,rt failure,ŒŒe patient wa•˜ treated with

digitalis.

In \November, 1961, because of persistent

weakness, he was admitted to this hospital.

The patient was, at that time, a nOmO-

tensive) healŒŒy-aPPearing elderly male.

The only signi‹ucant abnomality noted was

Of the heart, Where a Grade III mitral sys-
tolic mumur, and a Grade IV aortic systolic
mumur were heard.

X-ray •˜tudies revealed a number of ab-

normalities ; Of significance was definite car-

diomegaly, and a considerable post-VOiding

bladder residue on anŒ¾ntravenous pyelo-

gram. Electrocardiogram changes were non-
SPeCi‹uc, and may have been related to digi-

taIis therapy. It i•˜ WOrth remarking on the

nomal urinalysis on this admission"

At this point, We may aSSume that the

Patient had de‹unite cardiac invoIvement of

uncertain etioIogy.

At the beŽYnning of 1962, the patient was

admitted with hematuria. X-ray Showed
an O.5 cm. nodule of calcification in relation

to the left kidney? a retrograde pyelogram

Showed deformity of the left lower major

Calyx, and cystoscopic evidence of infla,mma-

tion of the bladder.

Doc‚ÜoƒÁ FeƒÁƒÁuCC‡i: Review of the x-ray

•üms, at this time, is in general agreement

With the previous intexpretation. The de-

Velopment of a renal stone) SeCOndary, Per-

haps, tO infection and a mild degree of ob-

StruCtion, WOuld account forŒŒe•˜e findings.

The generalized cardiac enlargement de-

serves consideration.

Doc•ÂoƒÁ ComeƒÁfoƒÁd: Over the next year,

the patient continued to complain of weak-

ness, and was admitted again for re-eValu-

ation in March, 1963. In the interim, he
had had an epi•˜Ode of atrial fibrillation.

Phys‰¤cal examination•fand with one excep-

tion) laboratory studiesJ Were unChanged•E

Thus) the process responsible for this clini-

Cal picture would certainly appear to be inˆê

#RadioIogist, Framingham Union Hospital.
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Sidious and of a sIow development. The one

abnomality that had occurred since the last
admission was that of significant proteinuria.

If one may extrapolate, the patient, at this

time, WaS Iosing from 5 to 7 grams of protein

daily in hi•˜ urine. This infomation is of

COnSiderable importance.

Six months later, in September of 1963,

the patient was admitted to the Lahey Clin-

ic. There had been a ten-POund weight loss.
The systolic murmur was considered to be

due to an interventricuIar septal defect. This

may be a diŽIcuIt diagnosis to make on pure-

1y clinical grounds. However, it is of interest
to note that minor degrees may be associated

With prolonged survival and no disability.4

The laboratory values showed some eleva-

tion of serum creatinine, hypoalbuminemia,

and a 24-hour urine protein of 3.8 grams.

The diagnoses) On discharge) Were: nePh-

rolithiasis•fnePhrotic syndrome•fand arterio-

SClerotic heart disease with mild congestive

failure. Di•˜Charge medications were digitalis

and Prednisone, the latter being continued

for‹uve month•˜.

Two points may be considered here. First,

the question of the criteria to be utilized in

making a diagrlOSis ofŒŒe nephrotic •˜yn-

drome is obviously relevant. The classical
features, PrOteinuria, hypoalbuminemia, hy-

Percholesterolemia, and edema are we11
known. However, 1n a glVen CaSe? nOt all
may be present, and disagreement over

quantitation may occur. In the literature•f

Various levels of proteinuria have been pro-

POSed, from 14 grams per 24 hours down. A
recent report from Boston utilized a level of

5 grams of proteinuria per 24 hours.5•@Ber-

man and Schreiner6 proposed, aS minimal

Criteria, •gthe excretion into the urine of 2.5

Or mOre gramS Of protein per day, and

doubly refractile or oval fat bodies.•f•f In

this instance, With docunented proteinuria

Of over 3.5 grams per 24 hours, and knowing

that this was present, in all probability, for

Six or more months) One may reaSOnably as-

Sume that the patient had, indeed, a ne-

Phrotic syndrome.
The second point we may briefly consider

here is theŒŒerapy of the nephrotic syn•E

drome. This patient was started on steroid

therapy as soon as•@ŒŒe diagnosis was

made. Referring again to the study of Nes-

SOn et aL5 there is apparently a definite•f

though not marked) advantage in the use

Of steroids in this condition. There is a

StrOng SuggeStion that improvement is re-

lated to the initial histoIogic picture; Ca•˜eS

Showing only minimal hypercellularity tend-

ed to go into rapid remission•fWhile tho•˜e

With more definite histoIogic evidence of

abnomality do not. (It is notable that 25

Per Cent Of patients treated with steroids de-
Velop major complications due to this ther-

apy, and there was one death.) These

results substantiate those of Burch•fPearl and

Stemberg.7 In both these studies•fthe ne-

Phrotic syndrome) due to systemic disease, WaS
excIuded. The potential hazards of steroid

therapy) and the value of renal biopsy both

as a diagnostic procedure) and in regards

to prognosis are factors that must be kept

in mind in the assessment of all cases com_

Plicated by the nephrotic syndrome.

To retum to the patient, nine months

later he was again admitted to this hospital•E

On this occasion, he wa•˜ nOted to have l

Plus pretibial edema. He had persistent pro-
teinuria•fa relatively nomal bIood urea ni-

trogen, and some elevation of serum choles_

terol. The serum albumin was 2.4 grams

Per lOO ml.•f and semm electrophoresis

Showed an elevated alpha2 globulin, SuCh

as is seen not infrequently in the nephrotic

Syndrome.

Following this) he had lethargy•fagitation,

and episodic unresponsiveness. In addition•f

he is said to have had seizures. His final
admission to the Framingham Union Hospi-
tal was in October of 1964. On examination•f

he was unresponsive and mildly dehydrated•E

Laboratory studies revealed severe uremla,

With anemia. Urinalysis showed hematuria
and continued proteinuria. He developed
acidosis and expired onŒŒe llth hospital

day.

In summary•fWe have an elderly man who

had nonspecific complaints of weakness for

two years) Went On tO develop a nephrotic

Syndrome, and 18 months later died of renal

failure•E In addition, he had: urinary tract

disease with mild prostatic obstmction, and

PrObable nephrolithiasis and infection ; Car-
diovascular disease with cardiomegaly, SyS-

tolic murmurs, arrhythmia, and congestive
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heart failure; and pos•˜ible convulsive epl-

SOdes for some monŒŒs prior to death.

In con•˜idering the etioIogy of this pa-

tient,s disease) the most profitable approach

relates to the cause ofŒŒe nephrotic syn-

drone. We know that this was not present
at the time of the‹urst admission in 1961.

What disease processŒ¾n this age group,

might produceŒŒis) and possibly the other

features of this man,s illness? In this con_

nection? the article by Kark et al.8 is worth-

While reading•E

I will•@‹urst exclude the more common

CauSeS Of the nephrotic syndrome, SuCh as

glomerulonephritis) and lipoid nephrosis•faS

being unusual inš¬s age group•fand not

Offering an explanation for the cardiac in-

vo Ivement.

Systemic lupus erythematosus may some-

times be a diagnostic problem. While it is
typically a disease of young women) it may

OCCur in older males. Again•fthe associated

‹undings such as a rash•farthritis and serositis

are usually prominent•fbut may be complete-

1y absent. Arecent report describes two

Ca•˜eS Of the nephrotic syndrome in males,

Where the diagnods of systemic lupus ery-

thematosus was made only at autopsy.9 This

is) however) quite uncommon•fand I wi11

dismiss•ˆSyStemic lupus erythematosus from

serious consideration,

Diabetic nephropathy is a common cause

Of the nephrotic syndrome. In this case,

there is no real evidence for diabetes•fOther

than a single terminal elevation of blood

Sugar. Had the patient had diabetes melli-
tus•fthe steroid therapy should have pro-

VOked some overt positive findings.

The administration of various drugs, and

Various hypersensitivity states have been

assaciated with the nephrotic syndrome.

There is no evidence for the•˜e factors in the

PreSent CaSe.
The possibility that subacute bacterial en-

docarditis was the cause of the nephrotic

Syndrome in the present case must be seri-

OuSly considered. The patient had a past

history of what was described as•ˆSubacute

bacterial endocarditis, a definite heart mur-

mur attributed to ventricuIar septal defect

(the most common congenita=esion occur-
ring with subacute bacterial endocarditis)

and a history of vague complaints, SuCh as

are frequently seen in subacute bacterial en-

docarditis. Renal invoIvement might have

OCCurred during the episode of 1954•fand

PrOgreSSed gradually over the years. The
negative urinalysis in 1961) and the length

Of time makes this unlikely. The other pos-
Sibility is that a second episode of subacute

bacterial endocarditis occurred in 1961.

This, againŒ¾s also most unlikely, in the ab-

SenCe Of fever) and in view of the relatively

benign course.

Renal veinŒŒrombosis is a cause of the

nephrotic syndrome that cannot be excluded

in‰Ze present case. It is occasionally asso-

Ciated with flank pain; but may also occur

Silently•E

Finally) there is a further possible cause

for the nephrotic syndrone that must be

COnSidered. In revleWmg rePOrtS On the

nephrotic syndromej I was impressed by the

low incidence of the condition in those over

the age of sixty-‹uve years. But there is one

COndition that is more common in later life•f

is found perhaps more frequently in males•f

and is a common cause of the nephrotic

Syndrome. This is amyloidosis.10 This diag-

nosis is often unsuspected until renal biopsy

Or autOPSy. The absence of hypertension•f

and the rather rapid course from onset of

the nephrotic syndrome to death) While by

no means specific) WOuld tend to support

this diagnosis. This patient•fs cardiac in-

VOIvement pre-dated his renal invoIvement,

at least clinically. Mumurs are said to oc-
Cur in one-third of ca•˜eS Of anyloid heart

disea•˜e;ŒŒere is usua11y diffuse cardiac en-

largement) and arrhythmias are common. In

this case)ŒŒe pattem of involvement is ob-

Viously different from that seen in the fa-

miIial amyloid cardiomyopathies, Where se-

Vere heart failure ends in death in middle

age.11 I suspect it will also differ from the

localized senile cardiac amyloid found quite

frequently at autopsy in the agedJ and which

is probably of no clinical signi‹ucance.12

There are many reports of cases•fhowever•f

Of nonfamilial primary amyloidosis with sig-

ni‹ucant cardiac invoIvement.13,14

Finally) in view of the history of the •˜ei-

ZureS late in the disease•fOne might speculate

that these were related to the presence of

AIzheimer)s plaques in the brain. This le-

Sion was considered by Richardson to be a
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POSSible cause of epilepsy in the aged.15
While it is not reIated, aS far as is known,
to systemic amyloidosis, it is of interest that

recent studies indicate that by light and his-

tochemical and electron microscopy,16,17 it

is identical to amyIoid occurring elsewhere.

In the present case•fthere is no evidence

Of the diseases which may lead to the de-

Velopment of secondary amyloidosis, SuCh as

Chr•Bhic bacterial infection, rheumatoid ar-

thritis or myeloma.

There is considerable evidence that the

incidence of amyIoid is greater than is gen-

erally assumed) and may perhaps be in-

CreaSing. A definite diagnosis of amyloidosis

rests on the demonstration of the charac_

teristic appearance and staining reaction of

invoIved tissues. While biopsy of the clin-
ically invoIved organs•fSuCh as the kidney in

the present case, is desirable, eXamination of

more accessible tissue will often reveal the

typicaI changes. A recent study18 showed

that in amyloidosis of all types) SOme SeVenty

Per Cent Of cases had positive rectal biopsies•f

as oppo•˜ed to eighty per cent positive on

renal biopsy, forty per cent positive on liver

biopsy and a lesser percentage positive with

gingival biopsy. It should be noted that
bleeding problems occur with increased fre-

quency ln amyloidosis) and that biopsy of
the kidney, and particuIarly the liverŒ¾s as-

SOCiated with some increase in risk.

From a clinical viewpoint•fthe diagnosis

Of amyloidosis should be considered in cases

With disease invoIving several organs•fPa•³c-

ularIy heart•fkidney and liver. The pres-

ence of a predisposing disease is obviously

important, and there is increased awareness

Of the importance of ethnic background.

There is no completely reliable cHnical test•f

though the Congo Red test can be of value.19

Finally) there is no effective therapy now

available for this condition. The study of

MaxweIl, Adams and GoldmanlO cited
above, indicated that •˜terOids were not help-

ful in the nephrotic syndrome due to amy-

loidosis.

CLINIcAL DIAGNOSES

Nephrotic Syndrome.

Rheumatic Heart DŽOsease and Conge•˜tive

Failure.

C erebral Arteriosclerosis.

DocTOR CoMERFORD,s DIAGNOSES

Primary Amyloidosis•fWith Renal and Car-

diac InvoIvement.

Question of AIzheimer•f•˜•@Preˆê•˜enile De_

menŽda.

Benign Prostatic Hypertrophy with Neph-

rolithiasis and Urinary-Tract Infec-
tion.

DoctoƒÁ•@Tede•çChi: Autopsy revealed a

globular-Shaped enlarged heart weighing
520 grams. There was marked hypertrophy

Of the walls of the left ventricle and prom-

inent dilatation of the right ventricle•faSSO-

Ciated with an enlarged tricuspid orifice

(17.5 cm. in opened state) ; the aortic valve
Showed moderate thickening of the cusps,

mostly due to atheromatous and fibrous

Plaques. No evidence of valvular changes
COnSistent with healed or active rheumatic

valvulitis were noted.

Approximately 200 cc•E Of clear, lemon-

COIored fluid were present in each pleural

Cavity) and the lungs were edematous and

COngeSted•E These findings are consistent

with recent heart failure.

The left kidney weighed 200 grams. It

WaS the site of a poorly demarcated, SOft•f

friable•fgOlden-yellow mass, 5 x 3 x 2 cm.,

Which occupied most of the lower pole (Fig.

1). This mass impinged upon, but did not
invade) the calice•˜) and both pelves and

ureters were essentially nomal. The upper

POle of the same kidney was‹urm•ftranS-

lucent) reddish-brownJ With poor demarca-

tion between cortex and medulla and ob_

SCuring of normal markings. MicroscopIC
examination showed the mass to po•˜SeSS the

unequivocal characteristics of a well-diŽIer_

entiated, Clear-Cell renal carcinoma. The

right kidney weighed 160 grams•E It was

‹um and reddish-brown in some areas•fPale

in some other areas•f and the cortex was

COarSely granular with a prominent trans-

1ucent appearance (Fig. 2).

Liver and spleen were not enlarged and

Weighed 1500 and 140 grams respectively.

However? both organs were firmer than nor-
mally•fWith an unusual translucency•fWhich

made the prosector to suspect amyloid dis-

ease. This was con‹umed at microscopIC

evaluation of the section (Fig. 3).
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Figure l - Photograph of left kidney, Showing

a poorly demarcated, lobulated mass, diagnosed as

cIear-Cell renal carcinoma.

Liver, SPleen, PanCreaS, heart, both kid-

neys and adrenals, Showed an irregular de-

POSition of interstitial, eXtraCelIular•famOr-

Phous) StruCtureless, and faintly eosinophilic
Substance with characteristics of•‰hyaline•E,,

The areas invoIved in the individual organs

displayed associated atrophy of adjacent cells.

This hyaline precipitate was most abundant

in the kidneys, invoIving stroma of cortex

and medulla, aS Well as vessel wa11s and

glomerular tufts. It stained metachromati-
Cally with Congo Red and Gentian Violet, a
tinctorial property which is considered char-

acteristic of amyloid.

No evidence of amyloid deposition was

found in sections from the tongue and ran-

dom samples of skeletal muscle. Careful

evaluation of stemal and spinal bone mar-

row consented to rule out the coexistence

Of multiple myeloma. Amyloidosis occurs in

approximately thirteen to fifteen per cent of

all patients with multiple myelona.

If one accepts the distinction between

Pnmary and secondary amyloidosis as two

Figure 2 - Photograph of right kidney, Showing

a coarseIy granuIar cortex with a prominent trans-

1ucent appearance which histologically revealed

diffuse amyloid deposition.

SeParate Clinical-PathoIogical entities) With

distinct histochemical characteristics and or-

gan distribution) the pattem of organ in-
voIvement in our case is more in keeping

With a secondary or parenchymatous-tyPe

of amyloid disease, rather than a mesoder-

mal or prlmary tyPe. Secondary amyloidosis

is usually seen with long-Standing wasting

disease, SuCh as tuberculosis, bronchiectasis,

rheumatoid arthritis, OSteOmyelitis, regional

ileitis, etC. However, nOne Of these condi-
tions were present in the case under con-

sideration.

The association of amyloid disease and

renal-Cell carcinoma, has been recently

POinted out in the literature; aPParently, re-
nal carcinoma is the most frequent neo-

Plasm seen in conjunction with this condi-
tion.20•E21 Although the link between renal

CarCinoma and amyloid is still in the realm

Of speculation, the concurrence of the two

COnditions in our patient adds interest to

the case.

The chemical composition of amyloid has
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of lobuIar architecture, atrOPhy of hepatic celŒŒ,

and repIacement of Iarge portions o•dhepatic pa-

renchyma by amyloid substance. H. E. Stain, X350

evoked considerable study since 1853•fWhen

Virchow22 noted that this substance elicited

a starch-1ike reaction to iodine and sulphuric

acid; hence? the termŽ¿amyloid."•@Amyloid•f

by chemical and histochemical analysis•fCOn-

Sists primarily of protein, With varying

amounts of acid mucopolysaccharide mate-

rial. Electron microscopy studies have shown

that it possesses a‹ubrillar ultrastructure, the

fibrils being compo•˜ed of double-COiled pro-

tein chain•˜) holding gamma globulin mole-

cules.

Although the basic mechanisms invoIved

in the production and deposition of amyloid

are still a matter of considerable controversy,

available data point very strongly to an anti-

gen-antibody reaction, reSulting in the depo-
Sition of circulating protein mucopolysaccha-

ride complexes. Both degenerative changes

in the connective tissue and an abnormal

secretion of the reticuloendothelial cells have

been advocated to explain the presence) m

the blood stream, Of protein mucopolysaccha-

ride complexes in high concentration.

The complexity of the problem is further

shown by the recent observation that a par-

ticular strain of mice (A) develops amyloi-

dosis spontaneously as a function of age.

The onset of amyloidosis is associated with

an elevation of beta globulins in the blood

Serum and with the detection of a protein

mucopolysaccharide complex in the urine.

As the animal grows older•fthe characteris-

tic tinctorial properties of amyloid are pro-

gressively lost and‹unallyŒŒe material as-

SumeS the properties of =hyaline."23

To retum to our patient) the primary

CauSe Of hi•˜ demise is attributed to systemic

amyloidosis) invoIving numerous orga‰¹nS•fPri-

marily the kidneys, With ensumg renal fail-

ure and nephrotic syndrome. In the absence

Of any other underlying cause•fOne WOnders

On the possible relationships between amy-

loid disease and the coexistent renal carci_

noma. The coincidence of the two condi_

tions has already been stressed in the liter-

ature.

Unfortunately, Permission to examine the

Central nervous system was not obtained and

We, therefore, COuld not correlate Doctor

Comerford,s•ˆSPeCulation as to the presence

Of AIzheimer,s plaques in the brain•E

PATHOLOGIC DIAGNOSES

Amyloid Disease with InvoIvement of
Heart, Liver, Spleen, Pancreas, Kid-
neys, and Adrenals.

Clear-Cell Carcinoma•fLeft Kidney.

Cardiac Hypertrophy, Biventricular•fWith

Atheromatous Thickening, Aortic

Valve.
Congestion and Edema of Lung•˜, Bilater-

aI, Diffuse.

Serous Pleural Effusion, Bilateral.
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EDITORIAL

ADMISSIONS TO BOSTON
UNIVERSITY SCHOOL OF

MEDICINE, 1965

At a recent Faculty meeting of the School

Of Medicine a report was mnde on the work
of the Admissions Committee in 1965.

Several members have suggested that the

facts given would be of interest to a wider

audience and particularly to Alumni. For

this reason I choose this topic for the De-

cember Editorial.

The present Admissions Committee con-

Sists of Drs. Murray Freed•fVincent Lan-

ZOni•fWilliam Malamud, William McNary,

and George Whitelaw with the A•˜Sistant

Dean as Chairman. The Committee met

29 times between November, 1964 and May,
1965 spending about 60 hours in meetings.

Prior to each meeting each member takes

home about 15 applicants•ffolders for cIose

Study before the fo11owing meeting•E At the

meeting each member votes•ˆSeCretly assess-

mg eaCh applicant, and the votes are to-

taled and the applicants ranged in order of

Priority on the Waiting List, Which is
added to each week and the acceptances

are drawn from the top of this list. Study

Of the folders at home takes about two hours

a week and represents about 60 hours of

WOrk in the year. Any candidate whose in-

tellectual record makes admission worth con_

Sidering•fis interviewed by a member of the

Committee. The time spent by each mem-

ber interviewing candidates is about•@5O

hours per year. Thus each member of the

Committee gives about 170 hours total time

to this work•fand it i•˜ a PIeasure to have

the chance to acknowledge this valuable

WOrk for the MedicaI School in pubIic and

Print. AIso I must mention the valuable
WOrk of Mrs. Anne Gowing, the Registrar,
and her secretaries in the preparation of

folders and coIIection of information. Early

in the new year•E eaCh year) When applŽå

Cations for the Six-Year Program are con-

Sidered, the Committee is joined by Pro-

fessor Mason) Miss Eleanor Tyler and Mr.
Leach•ffrom the College of Liberal Arts,

Who give us invaIuable aid in seIecting stu-

dents to enter the Six-Year Program.

Now a few statistics for the past year.
2237 appIication foms and 3018 bulletins
Were Sent Out. 1097 students applied, and

83 were invited. 45 of these withdrew after

acceptance and 38 were finaIIy accepted,

With•@34•@students from the Six_Year Pro_

gram making up a class of 72 students. 168
applicants withdrew before action had been

taken on their folders.

284•@students were interviewed for the

Four-Year Program and lO3 for the Six-

Year Program. Interviews are given to any

Candidate whose record makes him a pos-

Sible acceptance•fand in addition? tO any

Student recommended by Faculty, Alumni.

Or friends of the schooI whatever his record.

In addition to Boston University which
SuPPlied the 34 students for the Six-Year

Program) the following colleges were repre-

Sented in the class of 1968: Harvard, Co-
Iumbia•f Brandeis•f Williams) Amherst•f

Brown, Adelphi•fAlbion, Boston CoIlege,

Clark, Dartmouth) University of Copenha-

gen) DePauw, Emmanuel, McGill, Univer-
Sitv of Michigan•e University of Notre Dame,

University of Pemsylvania, University of
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Pittsburgh, Princeton, Rutgers, Tufts, Vas-

sar, University of Vemont and Yale.
It is pe•³nent here to ask ourselves why

students choose to come to B.U.S.M. The
reasons most often given are that the school

is in Boston•fhas‹une clinical facilities) the

class is fairly sma11) and there is close stu-

dent-faculty contact•E Students wisely do not

worry too much about old-fashioned build-

ings if the teaching is good: however•fit will

be an asset to have the modem Instruc-

tional Building plamed for the immediate

future. The reputation built up by Alumni

of the schooI plays no sma11 part in influ-

encing future students to choose this school•f

and above a11 the devotion of the FacuIty

to good teaching is paramount.

Just a word al)Out the general sentiments
of the Committee on Admissions. We are
trying to pick students who will make the

best physicians, nOt neCeS•˜arily the best med-

ical students. We want as far as possible a
balanced class with both clinically and re-

search_Oriented students. We want all our
selections to graduate and our ideal class

would have no drop-OutS•E This means that

we try to avoid taking any student who has

an inadequate knowledge of general chem-

istry•fOrganic chemistry, Physics or bioIogy

lest he fail in the first two years despite

high character and motivation. Students

are selected on the basis of merit, in the

widest sense of the term, and one need hard-

1y mention) regardIess of race) COIor) Class

or creed. ByŽ¿merit in the widest sense of

the word)l we aIl agree that character) mO-

tivation•fdrive, and personality may be more

importantŒŒan intellectua=evel alone. The

B student with these qualitiesŒ¾n our ex-

perience, does better than the A student
Without them. Finally I would stress that

OtheƒÁ˜engr being equa4, We give prefer-

ence to sons of Alumni or faculty recom-

mendations but the student of highest merit

always takes preference•E May I stress to

Alumni and Faculty who may be asked to

advise possible applicants of whatever cal-

iber) that we will always grant these stu-

dents an interview and give them what-

ever advice is appropriate to help them

enter medical school.

The Admissions Committee feels honored

to play its part in preservmg and trying to

inprove the quality of Boston University

SchooI of Medicine.
L.D•›•›.

ANNOUNCEMENT

Nelson Foss Evans•fCurrently Director of

the American University Hospital in Beimt,
Lebanon•fWill succeed Dr. Philip D. Bonnet

as Administrator of Boston University Medi-
cal Center•fs University Hospital on January

l, 1966.

Prior to his appointment in Beirut) Mr.
Evans served as Administrator of the Uni_

versity of Arkansas Medical Center•fs Uni-

versity Hospital.

ITEMS OF INTEREST

The National Institutes of Health awarded

$1,405,000•@to the nation•fs first Aphasia

C enter.

The new Center will be located jointly in

the Medical Center,s University Hoapital
Outpatient Department) Boston Veterans Ad-

ministration Hospital and the Joseph P. Ken-
nedy, Jr. Memorial HospitaL It will be staŽIed

by a group of senior researchers such as Drs.
Noman Geschwind, Harold Goodglass, Davis
Howes, and Charles A. Kane.

The objectives of the new Center will be

research in disturbances of language and re-

lated disorders. The major areas of •˜tudy will

include clinical neurdogical investigations•f

anatomical studies) neurOPSyChological studies

of aphasia) doninance in children and adults•f

and studies of other language probIems.

A bill striving to remove the major legal

•˜tumbling blocks to the advancement of medi-

cal science will be‘ned next week for intro-

duction in the 1966 •˜eSSion of the Massa-

chusetts legislature.

The bill•fdesigned to facilitate the dona-

tion of anatomic organs and ti•˜SueS, WaS

drafted by Dean William J. Curran, director
Of the Boston University Law-Medicine In-
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stitute and MetroCenter; Neil L. Chayet, aS-
sistant professor of legal medicine at the

Institute; and Rep_ James Wheeler of West-
wood•E Representative Wheeler will submit

the bill.

The purpose of the leƒ•slation will be to

facilitate gifts of bodies and/or body parts

for use in study in certified medical schooIs

and to allow the transfer of huma.n tissues

for tise in living persons.

Under the provisions of the hilI any person
21 years old or older can, in a wi—Êl or a sepa-

rate document, leave his body, OrganS and/or

tis•˜ueS tO medicine. The document must be

Witnessed by three persons.

A •˜ubstance thought to be insulin is being

SeCreted by transplanted pancreatic tissue.

This conclu•˜ion, generated by a Boston

University research project and released at

the American Medical Association,s Clinical
Convention in Philadelphia, aPPear•˜ tO be

an important step in human diabetes re-

search although this series of succes•˜ful trans-

Planta,tions occurred in cheek pouches of
h amsters.

A team from Boston University)•˜ BioIogi-

cal Science Center announced theirŒÜndings

in an exhibit titled The Clinical Application

of Pancreatic Transplants. The research has

been supported largely by funds from U.S.
Public Health Service grant•˜ and the Green

Shoe-Stride-Rite Charitable Foundation.

The team consists of Samuel B. Beaser,

M.D.) reSearCh associate in BioIogy) and co-
investigator I. Alden Macchi, Ph.D., PrOfes-
•˜Or Of biology, PrOject director and chief

investigator and Matthew F. Sak, Ph.D., aS-
Sistant professor of science•fand research as-

soci ate.

In the project, a few millimeters of pancre-

atic tissue obtained from the newbom ham_

Ster, Were inserted within the thin inner layers

Of the cheek pouch of an adult hamster which

had been rendered diabetic. Several trans_

Plants were made into each pouch.
Post transplantation treatment with sul-

fonylurea drugs then proved •˜uCh a stim-

ulant to pancreatic growth that the BU
researchers were able to implant more suc-

CeSSfulIy a neo-natal pancreas into non-dia-

betic hamsters.

After 30 days•fthe mature transplants were

removed and, aCCOrding to the paper which

accompanies the exhibit, Were Shown to pro-

luce ;n z•fZtƒÁO a Chemical substance possessing

SOme Of the characteri•˜tics of naturally •˜e-

Creted insulin, aS mea•˜ured by standard mea-

The importance of this work lies in sever-

al areas. It provided a means of growing rel-

atively pure beta cells of the mammalian

PanCreaS. It also indicated that the means of

PrOmOting this growth was the result of an
almost unique circumstance: the combina-

tion of stimulation of secretion and cytostruc-

tural growth of a mammalian tissue by a non-

bioIogical synthetic pharmaceutical agent.

This bioIogical system allowed the quantifi-

Cation of the relative potency of two such

agents (the sulfonylureas, tOlbutamide and

Chlorpropamide). It was noted also that

the latter dmg which is more potent cIinically

in the treatment of human diabetes melIitus

had a measure of superiority by this type of

bioIogical measurement.
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Current Concepts

ŒŒTherapy

VoluŽMe V‡U
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c•dudes -

Hemolytic •ðnemia
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‹£i˜I”ÕS•B•¾Ž•‹ÞŒ¾
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Air Pollution

Epo•½Resins

’šeŒŒon

Work in Hot Weather

Chronic Meprobamate Intoxication

Each book, like its p•ded•åeSSOr, is being o•Rered for‹Q•E00 postpaid.

New England Journal of Medicine
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Boston, Massachuse•‘1s O21 1 5

Piease send me •õhe fo=owing bookIe•õs a•õ $l.OO each.
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‰ñ•‘‹ú•„ŠÔ
State Street Bank has come up with a sensationai breakthrough for physicians
and dentists. 1t•fs ca=ed maDIBai•dIC. It eiiminates the common causes of finan-

CiaI worry, relieves bookkeeping congestion, and gives •fround-the-Ciock

PrOteCtion from Med. Schoo=o retirement, and beyond.

Here•fs what meD•dBa˜a‚µI( is alI about:

Œûmoney-SaVing services:Šlike electronic b•ûng. (This is a new computer/

teiephone system which automatica=y records information on daiiy pa-

tient visits and b•ûs them, Freesyou forfull-time practice.)

ƒ•Ioans at Iow rateswith libera=imits over Iong terms.

•  PerSOnai banking services, SuCh as checking account, Safe deposit, SaV-

ings, bank-by-mail, etC.

Œûestate anaiysis, SuPerVised investment management and trust services

Which grow in importance as you and your practice grow.

Why not write today for a foider on meDIBanIC? Or if you•fd rather, Ca=

466-4592 for a demonstration of eIectronic bookkeeping, right in your office!

Main office: 1 1 1 Frankiin Street Member Fede•uai Deposi=nsurance Corporation
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V-Ciilin K now cost•˜ aPPrOXimatdy 21 percent

less. This significant price decline constitute•˜ a

Substan`ial saving and st‡V oŽI‚Þs these important

benefits o•¥er PeniciŽMin G :

The eŽIectiveness of intramuscular peniciuin. Just

three 25O-mg. doses daily provide total twenty-
four-hour penici11in blood •zevels equal to those

achieved by injection of 600,000 units of procaine

”F‘ø—ˆ“‡ŽÇˆ¯—w˜IŒê•¿s”Õi•f
by injection.

Consistent dependability-e•¥en in the presence of

food. Comparative pharmacoIogic data show that
V-Ci11in K produces peak bIood levels twice as
high as those of penicillin G, With Aa‚°•A the dose.

‰T”ô‰T•›

•dndications: V-Cillin K is an antibiotic useful in the

ŒêŽÇ”ÕŽÇ”F‘ø‹Þ‚æŠí:˜I•œŽÇ•ö—Ò
Strains of staphylococci.

‰T‰T‰T‘Ô
•ö•ˆPŠí•Ä—ê•‘•ö”–‹‹”\•‘) three

”F‘ø‹c‘p‹E˜I”ÕŠà
VCillin K
Potassium Phenoxymethyl
Penicillin

‘ø‹cŒw–d‹c—s•·•d •‘
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